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Abstract Efforts to promote appreciation for the multifaceted
contributions of forests are particularly timely because of the
many threats currently faced by forests. These threats include
the world’s growing population, which is projected to top 9.1
billion by 2050; global climate change; land degradation; land
scarcity; and deforestation. Already, human activities have
destroyed 50 % of the forests that once existed under modern
climatic conditions. The US Forest Service’s research and
management activities are promoting the health, productivity,
and resilience of forests and grasslands by, for example, ad-
vancing agroforestry, producing and applying science and
technology that integrates energy production into sustainable
forest and grassland management practices, and protecting
water supplies by increasing the quality of aquatic habitats,
reducing erosion, and decreasing peak flows. The US Forest
Service must increase public understanding and support for
such efforts to restore and create healthy landscapes that will
supply vital resources to future generations.
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Introduction
As long as human beings have been on Earth, they have been
modifying the environment and impacting ecosystems. They
have done so through varied activities including hunting,
farming, building shelters, breeding and caring for animals,
generating energy, and harvesting forests for timber and fuel.
Human life is deeply dependent on an enormous variety of
organisms whose life cycles require specific environmental
conditions. These environmental conditions are disturbed by
varied types of anthropogenic disturbances.
Largely because of these activities and the expansion of
populated areas, about half of the forests that were present
under modern (i.e., post-Pleistocene) climatic conditions have
disappeared (UNEP-WCMC 1998).What is more, almost two
thirds of the world’s forests currently show clear signs of past
human interventions, according to the Food and Agriculture
Organization of the United Nations (FAO) (2014).
According to Lambin and Meyfroidt (2011), land use
change is a major driver of global environmental change.
They pointed out that from 1980 to 2000, more than half of
the new agricultural land across the tropics came at the ex-
pense of intact forests and another 28 % came from disturbed
forests, raising concerns about environmental services and
biotic diversity globally. Nevertheless, the causes and timing
of forest losses and current trends in changes in forest cover
differ among regions and forest types (FAO 2014).
Forests are one of the most important ecosystems on Earth.
They are the origin of many sources of food, medicines, raw
materials for construction, water, energy, and wild plants do-
mesticated into critically important crops. Forests today show
clear signs of past human interventions. Agricultural expan-
sion has come largely at the expense of forest ecosystems.
Deforestation associated with the expansion of crops, pasture,
and human development has resulted in large biological di-
versity losses.
Many important relationships exist between the health and
productivity of forests, the services and products they provide,
and varied types of ongoing environmental changes.
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In the USA, sustaining and enhancing healthy and produc-
tive ecosystems that will provide goods and services to current
and future generations requires developing options for strate-
gically managing natural resources. This requires increasing
the understanding and raising the awareness of the complex
and controversial nexus between food, water, energy, and
forests.
Water nexus
One of the greatest challenges our nation is facing—and, in-
deed, the world—is water.
The conservation challenges the USA and the rest of the
world face run the gamut, from increasing intensity of wild-
fires to invasive species, to a growing human population, and
to all the associated demands on forests.
Water is the most important natural resource. It is essential
to sustaining people, agriculture, industry, and ecosystems.
Few forces are more important than water in shaping the hu-
man condition. Water is a central organizer of ecosystems.
Water shapes the physical landscape and governs its vegeta-
tion, laying the very basis for human life and civilization.
Water is critical to life: without it, humans have no hope for
food and raw material security.
The Earth has 13.63 billion ha of surface land area (FAO
2012a), which equals 29.2 % of its total surface area; 70.2 %
of its surface area is covered by water. The oceans contain
97 % of our planet’s available water. The remaining 3 % of
available water is in the Earth’s atmosphere, on the terrestrial
surface, and in various forms and stores in the lithosphere
(Pidwirny 2006). About 97.5 % of the Earth’s water is saline;
the remaining 2.5 % is freshwater. Most freshwater—about
68.7 %—is present as ice in ice caps and glaciers (Perlman
2014).
Water scarcity affects roughly 1 to 2 billion people world-
wide. Up to 25% of global freshwater use exceeds sustainable
supplies, and global water quality is deteriorating. By 2025,
40 % of the world’s population could be living in water-scarce
regions, especially as the climate changes (Millennium
Ecosystem Assessment 2005b). The Millennium Ecosystem
Assessment (2005a) indicated that during the next 50 years,
demand for food crops is projected to grow by 70 to 85 %
under the Millennium Ecosystem Assessment scenarios, and
demand for water by between 30 and 85 %. Water with-
drawals in developing countries are projected to increase sig-
nificantly under the scenarios, although these are projected to
decline in industrialized countries.
A source of concern is that much of the world is facing
likely water shortages, and these shortages will be exacerbated
in the future because of climate change, population growth,
forest fragmentation, and urbanization. The United Nations
World Water Assessment Programme (WAPP) (2015) states
that by 2050, agriculture will need to produce 60%more food
globally and 100 %more in developing countries. In addition,
FAO (2012a) reported that since about 70 % of all the water
withdrawn for human use goes for agriculture, there is a con-
cern that water scarcity will affect the future of food produc-
tion. Serious water shortages appear likely to arise differen-
tially among localities, regions, and countries.
FAO (2012a) has also indicated that irrigation is crucial to
the world’s food supplies. From 1997 to 1999, irrigated land
made up only about one fifth of the total arable area in devel-
oping countries but produced two fifths of all crops and close
to three fifths of cereal production. The role of irrigation is
expected to increase still further. The developing countries as
a whole are likely to expand their irrigated area from 202
million ha from 1997 to 1999 up to 242 million ha by 2030.
Most of this expansion will occur in land-scarce areas where
irrigation is already crucial.
FAO (2012a) has also concluded that the net increase in
irrigated land is predicted to be less than 40% of that achieved
since the early 1960s. There appears to be enough unused
irrigable land tomeet future needs: FAO studies suggest a total
irrigation potential of some 402 million ha in developing
countries, of which only half is currently in use. According
to WAPP (2015), current growth rates of global agricultural
water demand are unsustainable; the sector will need to in-
crease its water use efficiency by reducing water losses.
A challenge in achieving food security will be the devel-
opment, assessment, and deployment of technologies, crops,
and varieties that will sustainably increase the production of
food per unit area while minimizing excessive use of water
and other agricultural supplies such as insecticides and fertil-
izers that could negatively impact other ecosystem services.
This indicates a major role for research in developing crops,
cropping systems, and farming and ranching practices that
increase water and nutrient use efficiency.
Global annual water withdrawal is approximately
3600 km3 per year or 25 % of the continental runoff. In addi-
tion, 4 out of every 5 people live downstream of, and are
served by, renewable freshwater services, representing 75 %
of the total supply (Millennium Ecosystem Assessment
2005b).
It is in this context that forest ecosystems are critically
important, because according to the Millennium Ecosystem
Assessment (2005b), forest and mountain ecosystems serve
as source areas for the largest amounts of renewable freshwa-
ter supply—57 and 28 % of total runoff, respectively. These
ecosystems each provide renewable water supplies for at least
4 billion people or two thirds of the global population.
Cultivated and urban ecosystems generate only 16 and
0.2 %, respectively, of global runoff, but because of their close
proximity to human settlements, they serve 4 to 5 billion peo-
ple. Such proximity is also associated with nutrient and indus-
trial water pollution.
J Environ Stud Sci (2016) 6:214–224 215
Areas covered with vegetation are the main supply for wa-
ter collection, from which streams, rivers, springs, and subter-
ranean and superficial bodies of water are fed. When land use
changes from more to less pervious surfaces or vegetation is
lost in an uncontrolled manner, e.g., wildfire, insect per dis-
ease damage, or illegal logging, the ability of the system to
retain and deliver water is negatively affected. The role of
forests in interception, infiltration, and evapotranspiration,
which, as a group, define the movement of the water and its
storage in the soil, is very important (Waring and Schlesinger
1985). The forested land absorbs rain, refills underground
aquifers, cools and cleanses water, slows storm runoff, re-
duces flooding, sustains watershed stability and resilience,
and provides critical habitat for fish and wildlife. In addi-
tion to these ecological services, forests provide abundant
water-based recreation and other benefits that improve the
quality of life (Sedell et al. 2000). Forest lands can be
managed to enhance both water quality and quantity
(Marion et al. 2014).
The USA faces an increasingly large set of water resource
challenges as water shortages and water use conflicts become
more commonplace (Alley et al. 2013). Forests and water are
connected, as foresters, conservationists, and natural resource
managers have long been understood. Fifty-three percent of
the nation’s surface water supply originates on forest land,
even though forests cover just 29 % of the nation’s surface
area (Furniss et al. 2010). Public and private forest lands com-
bined furnish water supplies for more than 180 million
Americans.
The national forests and grasslands—the lands that are
managed by the US Forest Service—were established by the
Forest Service Organic Administration Act of 1897 (U.S.
Congress 1897), which provided the main statutory basis for
the management of forest reserves in the USA. The national
forests are the single most important source of water in the
country. These lands have over 400,000 miles of streams and
over 3.5 million acres of lakes and wetlands, and over half of
the nation’s hydroelectric power supplies in the contiguous
USA come from the national forests alone. That is a value
estimated at $3.7 billion per year. These lands furnish drinking
water to about 60 million Americans living in about 3400
communities, including great cities like Atlanta, Georgia;
Denver, Colorado; and Portland, Oregon. In a sense, the US
Forest Service is the nation’s largest water company. For more
than a hundred years, a critical part of our mission has been
sustaining the health of our nation’s forests to protect the
quantity and quality of our nation’s water supply.
Much of the country has been in prolonged drought;
the outlook for this summer again is for persistent
drought, from Montana and Oregon down to the
Mexican border and from the California coast to the cen-
tral Great Plains. It is tempting to think of drought as
temporary, but in an era of climate change, that is wishful
thinking. One expert put it this way: BYou can’t call it a
drought anymore, because it’s going over to a drier cli-
mate. No one says the Sahara is in drought.^
Climate change aside, the past century is not a reasonable
guide to the future for water management. Over the past
100 years, population and water infrastructure have rapidly
grown across the west during a period that was much wetter
than the long-term average. Now, we could be entering amuch
drier period in the west, more in line with the long-term aver-
age over the past 1200 years. People need to understand that
so we can be prepared.
In an era of climate change, the US Forest Service is taking
steps with partners to protect the nation’s water sources by
& Restoring and protecting riparian forests to reduce stream
temperatures and increase the quality of aquatic habitats.
& Improving or decommissioning roads to reduce erosion,
increase flood plain connectivity, decrease peak flows, and
reduce temperature impacts.
& Restoring meadows, wetlands, and flood plains to im-
prove ecological continuity, increase water storage, reduce
flood flows, and raise late summer flows.
& Restoring and maintaining persistently wet places as bio-
logical oases for watershed resilience and for aquatic
species.
& Removing migration barriers and reestablishing habitat
connectivity to help species adapt to changing conditions.
& Strategically reducing wildfire risks in watersheds vulner-
able to excessive erosion, stream temperature increases,
and other impacts.
The Farm Bill requires the states to identify landscapes
critical to the future of conservation. Based in part on the
results, the US Forest Service is working with the states and
other partners to protect and restore a series of landscapes that
are valuable, vulnerable, and amenable to collaborative plan-
ning and management.
A good example of this type of collaborative planning
and management by the US Forest Service is the work in
the Chesapeake Bay drainage, which covers much of the
mid-Atlantic region. It is well known that the health of the
bay is threatened by development and resource overex-
ploitation. The US Forest Service has long collaborated
with EPA and other public and private partners on efforts
to restore the Chesapeake Bay. The US Forest Service
manages 1.4 million acres of the national forest land in
the watershed, protecting the quality of the water that
flows into the bay. The US Forest Service also uses its
authorities to work through state and municipal partners
to protect and restore ecosystems in the watershed, partly
by planting urban trees, improving forest management on
private land, and acquiring conservation easements for
sensitive lands at risk of development.
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Forests are a key to water purification and delivery, and the
US Forest Service has a long history of protecting watersheds.
But climate change has created a whole new environment for
land and resource management. The US Forest Service is
working to restore healthy, resilient ecosystems capable of
delivering clean water and all the other ecosystem services
that Americans want and need.
Food nexus
Against this backdrop of increasing world population and en-
vironmental change, the global community is challenged to
conserve the Earth’s limited resources and fragile ecosystems
while enhancing the production of food and other goods and
services. Global agriculture is pressured by various factors,
such as land degradation, shortages of agricultural land, and
the conversion of farmland to non-agricultural land.
Roberts (2011) pointed out that in 1900, there were 1.6
billion people on Earth and that in 2000, this figure had
reached 6.1 billion. Although the rate of world population
growth has slowed and varies substantially by region, it is still
increasing. According to FAO (2014), the world’s current
population of 7.2 billion is projected to reach 9.6 billion by
2050. Along with population growth, the demand for energy
and wood products for both industrial and domestic uses is
expected to increase by 40% in the next 20 years. The demand
for other forest-related goods (food, medicine, fodder, and
other commodities) is also predicted to increase. FAO
(2014) also indicates that a major consequence of population
pressure is land use change with forest conversion to crop and
pasture land; this together with overexploitation, selective har-
vesting, and high tree mortality due to extreme climatic events
can result in local species extinctions and the loss of forest
genetic resources.
According to FAO (2012a), the world may be heading
towards shortages of suitable agricultural land: in some re-
gions and areas, there are already serious shortages and these
may worsen. FAO studies indicated that less new agricultural
land will be opened up than in the past. Over the period from
1961 to 1999, the expansion of arable land in developing
countries totaled 172 million ha. FAO forecasts indicate that
in the next 30 years, an increase of only 120 million ha, or
13 %, will be required. This means adding an extra 3.75
million ha per year which is less than the rate of 4.8
million ha per year that occurred in the second half of the last
century.
According to FAO (2012a), there is potential agricultural
land that is as yet unused. At present, some 1.5 billion ha of
land is used for crops, around 11% of the world’s surface area.
However, much of this potential land is in practice unavailable
or locked up in other valuable uses. Some 45 % is covered in
forests, 12 % is in protected areas, and 3 % is taken up by
human settlements and infrastructure. In addition, much of
this land may have characteristics that make agriculture diffi-
cult, such as low soil fertility and lack of infrastructure among
other problems. The tendency towards land scarcity associated
with population growth is aggravated by the conversion of
farmland to urban uses, land degradation, and other factors.
In many countries, much farmland is being converted to
non-agricultural uses. FAO (2012a), assuming a requirement
for housing and other infrastructures of 40 ha per 1000 people,
concludes that the world population growth between 1995 and
2030 implies the need for an additional 100 million ha of land.
Since most urban centers are sited on or near fertile agricul-
tural land in coastal plains or river valleys, their expansion
takes up more of this prime land. Despite these projected
losses, there is little evidence to suggest that global land scar-
cities lie ahead.
Although land scarcity and the problems associated with it
will likely continue at country and local levels, FAO (2012a)
also indicated that during the last 40 years of the last century,
world cropland grew by only 11 % while world population
almost doubled. As a result, cropland per person fell by 40 %,
from 0.43 ha to only 0.26 ha. Yet, over this same period,
nutrition levels improved considerably and the real price of
food declined. This was explained by increases in agricultural
productivity decreasing land needed for growing food of ap-
proximately 56 % over this same period.
Perhaps the most important factor to consider that could
imply land scarcity will be land degradation. Land degrada-
tion occurs when soil’s current or future capacity to produce is
lowered by chemical, physical, or biological changes. It has
also been defined as a long-term decline in ecosystem function
and measured in terms of net primary productivity (Bai et al.
2008).
A global assessment of land degradation and improvement
(Bai et al. 2008) identified 24 % of land as degrading in ad-
dition to the 15 % assessed as degraded by the global assess-
ment of land degradation in the 1990s (Oldeman et al. 1991).
This means that new areas are being affected. This indicates
potential food production problems in places with the highest
amounts of degraded land, which are mainly in Africa, south
of the Equator, Southeast Asia, South China, North Central
Australia, the Pampas, and swaths of boreal forest in Siberian
and North America (Bai et al. 2008).
Forest ecosystems and forest cover are critically important
in maintaining soil and water that support sustainable agricul-
ture; providing habitats for the biological interactions that
maintain crops, livestock, and wildlife; and mitigating impacts
of climate change and extreme weather events at the landscape
scale as well other disturbances such as flooding. This con-
nection indicates the important role that forest ecosystems
play in food security for people in many countries.
Trees and forests contribute in many ways to improving the
diet and decreasing hunger for local communities and the rural
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population. Forests are sources of food and medicines, help
increase incomes, and improve the agricultural production
through soil protection and water provision. According to
Bhaskar et al. (2015), close to one of every six persons on
the planet directly depend on forests and food is the main
element of this dependence. In addition, Bhaskar et al.
(2015) indicates that forests and tree-based systems have
played a major role throughout human history, supporting
livelihoods and helping to meet food security and nutritional
needs of the global population.
The food originating from forests offers security against
hunger cases of seasonal food shortages or in states of emer-
gency caused by catastrophic events such as droughts, floods,
or wars. In many countries, it is common for people to gather
wild food from the forests including meat and wild edible
mushrooms, especially when conventional agricultural crops
are unavailable. Women in some regions consider forest re-
sources as a source of supplementary nutrition in addition to
an emergency food source and as a cooking fuel supply. In
many instances, forests and trees are used to maintain domes-
tic nutritional standards when other food products cannot be
purchased or produced in large quantities in the community.
According to the Millennium Ecosystem Assessment
(2005a), 17 countries found that 22 % of household income
for rural communities in forested regions comes from sources
typically not included in national statistics, such as harvesting
wild food, fuelwood, fodder, medicinal plants, and timber. In
the USA, native community members and rural dwellers hunt
meat and gather fruits, herbs, and edible mushrooms as part of
their diet.
In many developing countries, forests contribute in many
ways to the well-being of local populations, because forests
are a great source of biodiversity supporting people’s food
security, nutrition, and health (Ruiz and Arnold 1996;
Mohamed-Katerere and Smith 2013). Arnold et al. (2011)
mentioned that forests provide a diversity of healthy foods
high in micronutrients and fiber and low in sodium, refined
sugar, and fat; products from forests are often culturally val-
ued, are integral to local food systems and food security, and
help households fill seasonal and other cyclical food gaps,
acting as a safety net or buffer in times of shortages due to
drought, crop failure, illness, or other emergencies.
In addition to land scarcity and land degradation, the chal-
lenge of feeding a growing population in the future is the
impact of deforestation. According to FAO (2014), the rate
of loss of forest cover—mainly from conversion of tropical
forest to agricultural land—shows signs of decreasing but is
still alarmingly high. Around 13 million ha of forest was con-
verted to other uses or lost through natural causes each year
between 2000 and 2010, compared with 16million ha per year
in the 1990s.
Deforestation is expected to slow further in the coming
decades, and the world is unlikely to face a wood supply crisis
(FAO 2012b). Production of wood-based materials is contin-
ually increasing in efficiency. An important impact of defor-
estation and land use change is on biodiversity. Life on Earth
depends on healthy and productive ecosystems with a diverse
composition of plants, animals, and other organisms, which
are essential for food and other benefits and services for
humans. The main impact of deforestation is on the loss of
intraspecific diversity in economically important species with
consequences not only for immediate agriculture seed supply
and forestry but also in terms of reduced opportunities for
selection and breeding for resistance to diseases and insect
attack.
Many authors agree that biological diversity is the founda-
tion of agriculture and forestry systems, pharmaceutical prod-
ucts, aesthetics, recreation and spiritual value, evolutionary
processes, stabilization of ecosystems, environmental quality,
and intrinsic worth of all species on Earth. Approximately
90 % of the world food for people comes from just 15 plant
species and 8 animal species, and several thousand other plant
species are used as food by humans (cited by Pimentel et al.
1992).
Pimm et al. (1995) have indicated that we do not know the
amount of species existing on Earth. They pointed out that
only approximately 10 million species are described and less
than 100,000 terrestrial vertebrates, some flowering plants,
and invertebrates are popular enough to be known well.
They suggest that most species are as yet undescribed in every
species-rich group.
Pimentel et al. (1997) indicated that in the USA, there are
an estimated 750,000 species, of which small organisms, such
as arthropods and microbes, make up 95 %. The USA is one
of the 12 countries that, as a group, have between 60 and 70%
of the total biodiversity in the planet. In this context, the USA
is considered a mega diverse country (Mittermeier and
Goettsch 1992).
Many rural areas in the USA still maintain the custom of
having family orchards that produce additional food. One ex-
ample in the USA is Sealaska, which owns and manages 30,
000 acres near Kake, Alaska. The corporation manages the
forest for timber as well as wildlife and understory plants so
that its shareholders—all tribal members—can hunt, fish, and
gather. This helps them meet their local food needs while also
providing economic opportunities. In 2012, prices for wild
organic blueberries topped $3.10 per pound, with demand
for food and value-added health products, nutraceuticals,
and wine, and tribal members harvested the berries for per-
sonal use and sold some of the surplus. Some earned more
than $600 per day from the harvest—a significant wage in a
town where the per capita income is just over $22,000 per
year. Selling these wild berries as organic means that not only
they were not sprayed with chemicals, but they are also an
indigenous species carefully and sustainably managed with
other forest products.
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Other examples of forest farming are shiitake mushroom
production in Vermont; the establishment of riparian buffers
with several different native tree species to help conserve soil,
protect the riparian area from sediment erosion, and shade the
stream to increase a salmon habitat in Washington State; the
production of hazelnuts, hickory nuts, and walnuts in Ohio;
and the establishment of silvopasture systems in the Southern
United States among many other examples (USDA, National
Agroforestry Center 2015).
The US Forest Service is one of 17 agencies in the US
Department of Agriculture. The other 16 agencies are primar-
ily focused on food, agricultural commodities, livestock, and
nutrition. It is therefore not hard to see how the agenda within
the department is dominated by the concerns of agricultural
commodities and production. When the topic of food security
is discussed, it is normally a dialogue about agricultural pro-
ductivity and nutrition monitoring, but now has shifted to a
more long-term vision for ecosystem health and its contribu-
tion to food security.
One of the ways the US Department of Agriculture has
strived to recognize the beneficial relationship between trees
and agriculture is by advancing agroforestry. BAgroforestry
isn’t conversion of agricultural lands to forests; rather, it is
using trees in support of agriculture.^ There are five widely
recognized categories of agroforestry practices in the USA:
alley cropping, forest farming, riparian forest buffers,
silvopasture, and windbreaks. In addition to making agricul-
tural lands more resilient to climate change, agroforestry helps
farmers and ranchers meet increasing demands for food, ener-
gy, and conservation while providing an array of other ser-
vices like clean water, soil conservation, wildlife habitat, and
feedstocks for producing renewable energy.
For example, in the Southeastern United States, farmers
and ranchers are establishing silvopastures where they man-
age trees, livestock, and forage together in a system that yields
multiple crops and income streams annually from livestock
and longer term from high-value sawlogs, supplemented by
periodic harvest of pine straw, valuable landscaping mulch.
The trees, in turn, provide shade that is critical to reducing
heat stress in livestock during the hot summers in that region.
Since the early 1990s, much of the US Department of
Agriculture work to advance agroforestry has been carried
out by its National Agroforestry Center, a cross-agency col-
laboration between the US Forest Service and the Natural
Resources Conservation Service, another agency in the US
Department of Agriculture. In 2011, our department released
an agroforestry strategic framework, which is now the agro-
forestry roadmap for all agencies in the US Department of
Agriculture. As a result of this new cross-agency collabora-
tion, the 2012 US Department of Agriculture’s Census of
Agriculture, a questionnaire completed by all agricultural pro-
ducers every 5 years, has the first-ever agroforestry question.
The responses to this question will help to gain critical
information about the demographics of producers who have
adopted agroforestry.
The future lies in creating much more cross-sectoral
collaboration of this kind, where the aim is not competition,
but integrated and sustainable land use systems across land-
scapes. Planning needs to become more cross-sectoral in na-
ture, and bureaucracies need to find ways to structure them-
selves to quickly respond to and engage on a range of emerg-
ing issues. And therein lies one of the central challenges for
forests and forestry today. It is the challenge of persuading
others that the returns from standing and working forests—
including working trees on agricultural lands—are worth the
cost of investing in them.
So, the US Forest Service needs to find better ways tomake
that case. The US Forest Service needs to make a compelling
case that working forests are a cornerstone of long-term com-
munity prosperity, including food security. The US Forest
Service must manage resilient landscapes for multiple uses,
considering all lands that combine food production, biodiver-
sity conservation, other land uses, and the provision of eco-
system services to achieve food security.
Energy nexus
The relationships between food, energy, water, and forests are
inextricably linked and have been since the beginning of hu-
mankind. Until petroleum became widely available about
100 years ago, wood was the most important energy source
together with coal (U.S. Department of Energy 2013). Wood
continues to be the primary source of energy for heating and
cooking in many of the world’s poorest countries (FAO 2008).
Arnold et al. (2003) indicated that until the middle of the
nineteenth century, wood was the main source of energy even
in North America and Europe and that it has been replaced by
more efficient, cheaper, and convenient sources of fuel such as
coal, charcoal, oil, and gas. In industrialized countries, partic-
ularly those with large wood processing industries, wood en-
ergy is often used in significant amounts for both domestic
and industrial purposes.
Continuing energy security and greenhouse gas emission
concerns are driving research, development, and deployment
of sustainable biofuels, biopower, and bioproducts. Forest
lands play an important role in these efforts. Analyses by the
International Energy Agency (IEA) (2011) show that biofuels
are expected to play an important role in the long term as the
world transitions away from fossil fuels. Advanced biofuels
can provide infrastructure-compatible, low-carbon fuels and
are expected to have higher land use efficiency and better
greenhouse gas balance than some first-generation biofuels
(IEA 2011). The IEA (2012) analyses also show that biomass,
including wood, will play an increasingly important role in
heat and power production. Co-firing biomass in coal-fired
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plants provides an opportunity for short-term and direct reduc-
tion of emissions, and biomass heat and electricity are com-
petitive with fossil fuels depending on conversion efficiencies
and supply chain costs (2012). This can potentially benefit
farmers and forest owners and support rural development.
Biomass feedstocks in the form of wood pellets are being
traded globally.
While forest lands provide wood, an increasingly important
global energy source, they are also important sources of fossil
energy (oil, natural gas, and coal), hydropower, and geother-
mal energy. In addition, energy transmission corridors cross
forest lands. the continued use of wood as a conventional
source of energy in developing countries, the advances in
science and technology to produce biofuels and biopowers
from forest and agriculture feedstocks, and the role of forest
lands in supplying renewable and fossil energy have created a
complex nexus between food, energy, water, and the environ-
ment. In this context, the US Forest Service’s role is to effec-
tively contribute to the sustainable development and use of
energy resources for present and future generations through
land management, technical and financial assistance, research
and development, and energy conservation while maintaining
and enhancing overall environmental quality, sustainability,
and economic opportunities (USDA Forest Service 2011).
Historically, energy contributions of the US Forest Service
included the subsistence use of fuel wood from National
Forest System lands for communities and railroads. Special
use administration of National Forest System lands has facil-
itated energy rights-of-way for power transmission and fuel
pipelines, hydroelectric development in forest watersheds, and
private development of energy resource deposits beneath
National Forest System lands. Research on wood chemistry
has contributed to the scientific understanding needed to pro-
duce cellulosic biofuels, while research on silviculture, timber
harvest and collection, and transportation has provided scien-
tific knowledge for sustainable production and utilization of
forest biomass for energy (USDA Forest Service 2011).
Blanco et al. (2013) pointed out that the use of agricultural
products as a feedstock for biofuel production is growing rap-
idly in many countries primarily due to market forces and
policy support. The aims of increasing energy security and
reducing greenhouse gas emissions in the transport sector
have encouraged many countries to establish policies to pro-
mote biofuels. As a result of these policy measures, as well as
fluctuating fossil fuel prices, biomass and biofuel markets are
expected to grow substantially in the coming decades. Global
production of biofuels has been growing steadily over the last
decade from 16 billion l in 2000 to more than 100 billion l in
2011. Today (on an energy basis), biofuels provide around
3.5 % of the total road transport fuel globally and substantially
higher fractions in some countries (IEA 2013).
The Organization for Economic Cooperation and
Development (OECD 2012) indicated that currently, some
65 % of EU vegetable oil, 50 % of Brazilian sugarcane, and
about 40 % of corn production in the USA are being used as a
feedstock for biofuel production. The OECD (2012) projected
that by 2021, 14 % of global coarse grain production will be
used to produce ethanol, the sugarcane-based share of global
ethanol production is projected to be 28 %, cellulosics will
account for almost 9.5 % of ethanol, and the share of biodiesel
produced from vegetable oil is expected to be 16 %. The
OECD (2012)-projected scenario is that based on their greater
potential to increase land devoted to agriculture and to im-
prove productivity, developing countries will provide the
main source of global production growth to 2021.
Moreover, according to WAPP (2014), biomass can be
used to produce a range of fuels that can be used for heating,
power generation, and transport. Bioenergy investments can
generate profits for investors and growers, create jobs, im-
prove livelihoods, and increase economic opportunities in ru-
ral areas.
In 2014, the USA exported 4.4 million short tons of wood
pellets primarily for generating electricity in the European
Union (U.S. Energy Information Administration 2015), most-
ly from the Southern United States. The main driver for grow-
ing wood pellet consumption in Europe is the European
Commission’s 2020 climate and energy plan. This plan
(European Commission 2010) aims to reduce greenhouse
gas emissions and increase the contribution of renewable to
total energy consumption in the European Union.
Concerns have been raised regarding both the greenhouse
gas emissions associated with wood energy as well as the
potential impact on forest systems associated with the emerg-
ing pellet industry. Recent research examining 930 scenarios
for wood pellets found relative savings in GHG emissions for
wood pellets with respect to a unit of electricity derived from
fossil fuels in the UK to range between 50 and 68 %, depend-
ing upon the capacity of power plant and rotation age
(Dwivedi et al. 2014). Results from western studies show
emission benefits from using wood from hazardous fuel treat-
ments for energy production (Jones et al. 2010; Loeffler and
Anderson 2014). Studies have also consistently found that
demand for wood products, including specifically wood pel-
lets, actually serves to maintain or increase the amount of land
in forests (Abt et al. 2014; Galik and Abt 2015), especially in
those privately owned small forests, in which best forest man-
agement practices have been applied, and those that produce
wood and woody biomass for energy under certified forest
management plans. The US Forest Service continues research
in these areas to quantify outcomes and ensure sustainable
systems.
Biomass energy is creating markets in areas where they did
not previously exist for small or defective trees. These new
markets help achieve a variety of forest management and sus-
tainability goals: wildfire mitigation, forest health, restoration,
watershed improvements, wildlife habitat, timber stand
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improvement, aesthetics, and more. These goals are particu-
larly important as climate change and invasive species lead to
increased mortality in the nation’s forests.
The agricultural sector is the largest user of water re-
sources, accounting for roughly 70 % of all freshwater with-
drawals globally and over 90 % in most of the world’s least-
developed countries (WWAP 2014). Freshwater withdrawals
for energy production, which currently account for 15% of the
world’s total (WWAP 2014), could increase by 20 % through
2035. Practices like efficient irrigation techniques and devel-
oping and deploying more water use-efficient varieties can
have a dramatic impact on reducing water demand, especially
in rural areas. Many of the pressures that impact water supply
and use occur at local and national levels and are influenced
by rules and processes established at those levels.
Increasingly, however, the rules and processes that govern
global economics—investment of capital, trade, financial
markets, as well as international aid and development assis-
tance—influence local and national economies and policies.
Woody biomass is a renewable material that can be used to
produce power, heat, and liquid fuels (Buford and Neary
2010). The real value of forest biomass for energy production
is its renewability and potential sustainability; woody biomass
from forests can be harvested and then grown again in a sus-
tainable manner. They also noted that forestlands are expected
to meet a long list of demands beyond energy production,
including the production of water, wood, and non-wood prod-
ucts. Humans also rely on these areas for many other services
such as recreation and habitat. We are also beginning to un-
derstand the value of forests, forest management, forest prod-
ucts, and avoiding emissions from substituting wood
bioenergy and bioproducts for fossil-intensive products in a
carbon management strategy. Healthy, productive, and resil-
ient forests are an important facet of climate change
mitigation.
The nation’s forests are strategic assets that help the USA
achieve energy security, economic opportunity, environmental
quality, and global competitiveness by providing a raw mate-
rial for the renewable wood energy and wood product mar-
kets. These markets are a growing source of jobs, particularly
in rural America, that contribute to a sustainable future
based on a locally grown renewable resource. From a land
management and restoration perspective, expanding bio-
mass, wood products, and wood energy markets reduces
forest treatment costs, reduces wildfire risk, restores for-
ested landscapes, and generates new income streams for
forest landowners.
Forests and energy are linked. The US Forest Service is
taking steps with partners to
& Contribute to national energy security, environmental
quality, and economic opportunities through sustainable
land management, energy production, and conservation.
& Produce, acquire, disseminate, and effectively use science
and technology to integrate energy production into sus-
tainable forest and grassland management.
& Identify federal agencies and non-federal partners and col-
laboratively work to optimize overall federal energy re-
sults in the context of sustainable natural resource
management.
& Promote and provide problem-solving, energy awareness,
sustainable resource conservation, and energy-related as-
sistance to states, tribes, and local communities.
For more than a century, the US Forest Service has contrib-
uted to the nation’s energy supply. As the nation designs and
implements a new energy future that addresses climate change
and ensures energy security, the US Forest Service—through
management of national forest system lands; state, tribal, and
private landowner assistance programs; and development and
transfer of new science, technology, and decision support
tools—will proactively contribute to sustainable production
of renewable and non-renewable energy, energy transmission
and distribution, and increased forest service energy
efficiency.
Conclusion
Informing and engaging the public
One of the key responsibilities of the US Forest Service is to
inform the public and policymakers about the value of forests
and their contributions to the nation’s economy, environment,
and society. The most important role of a forestry agency is to
make sure that this message is effectively and consistently
communicated outside of the forestry community and to build
support for the sustainable management of forests.
This document indicates the points of view of many au-
thors about the important role forests play in providing
sources of food, clean and abundant water, energy, forest
products, and economic activity that sustain and enhance com-
munities and the nation. All this is well understood in the
forestry community. Indeed, the US Forest Service has heard
it all over the country. The importance of forests is rarely
questioned even outside the forestry community.
However, the true measure of how clearly this message is
understood is what the society is actually willing to support in
terms of the land use decisions that are made and related
budgets that are passed as well as forest management deci-
sions and investments made by private landowners. These
policy- and market-based decisions are largely made outside
the forestry community.
Asmethods of natural accounting continue to develop, they
will help citizens and policymakers to better understand the
value of forests to the countries’ economies and long-term
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sustainability. Researchers have started to measure such
values in economic terms. The US Forest Service is among
a number of entities in the USA that are conducting or spon-
soring such studies. Specifically, the US Forest Service is
interested in determining the full value of ecosystem services
from the lands it manages, the national forests, and grasslands.
These lands comprise an enormous area of 37 million ha all
across the USA.
America’s forests, grasslands, and other open spaces are
integral to the social, ecological, and economic well-being of
the nation. The US Forest Service plays a vital role in provid-
ing public benefits and services such as clean air, clean water,
minerals and energy, and fertile soils for supporting timber,
forage, carbon storage, food and fiber, fish and wildlife habi-
tat, and opportunities for outdoor recreation. We deliver a
valuable service to the public by restoring and improving for-
est, grassland, and watershed health; producing new knowl-
edge through our research; and providing financial and tech-
nical assistance to partners, including private forest
landowners.
The concepts of ecosystem service flows and natural
capital stocks are increasingly useful ways to highlight,
measure, and value the degree of interdependence be-
tween humans and the rest of nature. Estimates of the
global accounting value of ecosystem services expressed
in monetary units are mainly useful to raise awareness
about the magnitude of these services relative to other
services provided by human-built capital at the current
point in time. Estimates show that global land use changes
between 1997 and 2011 have resulted in a loss of ecosys-
tem services of between $4.3 and $20.2 trillion per year,
being these estimates conservative (Costanza et al. 2014).
Now, this is only an estimate. Nevertheless, this huge
amount does give some idea of the enormous value that
people get from the ecosystem services they derive from
their forest ecosystems.
These steps are also good for jobs and the economy. In the
nation’s national forests, the emphasis has been on restoration
activities, such as timber harvests to thin stands to restore
forest resiliency, healthy conditions, and watersheds.
Between 26 and 33 million ha of the national forest system
in the USA needs restoration, while at the same time, budgets
are flat or declining. But through increased efficiencies in
planning, the US Forest Service is increasing the area restored
each year.
Just as important, the US Forest Service is generating
jobs. One study has shown that every million dollars
spent on restoration activities generate 12 to 28 jobs,
which compares favorably to most other economic activ-
ities (Moseley and Nielson-Pincus 2009). Restoration is
not only good for the environment but also for communi-
ties’ livelihoods, which is directly connected to their abil-
ity to provide for their own food security.
The US Forest Service can and will do more, but it cannot
succeed alone. Success will require a series of collective en-
deavors—coalitions of organizations and individuals working
collaboratively across broad geographic areas, with the full
knowledge and support of the American people. In these hard
economic times, forestry organizations cannot hope to secure
resources without making a convincing case about the benefits
to people’s livelihood that result from working on forests and
from working forests.
Working together across borders and boundaries, we have
an opportunity to make a difference, even in an era of climate
change. Through landscape-scale conservation, we can re-
store, enhance, and create healthy, resilient landscapes capable
of supplying the resources the American people want and
need for generations to come.
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